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The	 evolution	 of	 chicken	 weight	 during	 the	 commercial	 growing	 of	 broilers	 is	 important	 to	14	
understand	 growth	 and	 feed	 conversion	 ratio	 (FCR)	 of	 each	 flock.	 In	 commercial	 broiler	15	
production,	farmers	routinely	weigh	birds	both	manually	and	automatically.	Manually	measure	the	16	
weights	is	time	consuming	and	laborious,	and	only	provides	discrete	estimates	of	flock	weight	with	17	
low	 time	 resolution.	 On	 the	 other	 hand,	 the	 continuous	 monitoring	 of	 chicken	 weight	 using	18	
sensors	can	provide	real-time	 information	on	growth	rate	and	FCR	of	 the	 flock	during	 the	cycle,	19	
thus	 providing	 a	 way	 of	 improving	 the	 profitability	 by	 (1)	 early	 detection	 of	 deviations	 from	20	
expected	growth	 trajectory,	 and	 (2)	enabling	 farmers	 to	better	plan	 the	marketing	of	birds	at	 a	21	
specific	 weight	 to	 the	 processing	 plant.	 However,	 the	 “step-on	 weighers”	 used	 in	 commercial	22	
broiler	farms	are	limited	by	the	fact	that	the	estimated	weight	is	often	not	representative	of	the	23	
flock	 average.	 Previous	 studies	 have	 shown	 a	 significant	 correlation	 (p<0.001)	 between	 the	24	
frequency	of	vocalisation	and	the	age	and	weight	of	broilers.	The	aim	of	that	study	was	to	identify	25	




entire	 life	 of	 the	 birds	 for	 five	 different	 commercial	 production	 cycles.	 For	 each	 cycle	 the	 peak	30	
frequencies	 of	 the	 chicken	 vocalisations	were	 used	 to	 estimate	 the	weight	 and	 then	 they	were		31	

















The	 global	 food	 scenario	 is	 rapidly	 changing,	 and	 the	 human	 population	 is	 expected	 to	 grow	47	
throughout	 the	 rest	 of	 the	 century	 and	will	 reach	11	billion	people	by	 the	 year	 2100	 (FAOSTAT	48	
2015;	Mountford	and	Rapoport	2015).		49	
Genetic	 progress	 in	 broiler	 breeding	has	 led	 to	 the	 selection	of	 breeds	with	 faster	 growth	 rate,	50	
reduced	slaughter	age	and	higher	final	weight	than	previously	achieved	(Rauw,	Kanis	et	al.	1998;	51	








Monitoring	 key	production	 indicators	 like	 growth	 rate	 and	 feed	 conversion	 ratio	 (FCR)	 can	help	60	





modern	 broiler	 production	 (Aerts,	 Van	 Buggenhout	 et	 al.	 2003;	 Rizzi,	 Contiero	 et	 al.	 2013)	64	
improving	the	efficiency	and	profitability	of	the	processing	plant	(Cangar,	Aerts	et	al.	2006).	65	
	66	
The	 average	 weight	 of	 the	 flock	 is	 generally	 evaluated	 either	 manually	 or	 automatically	 using	67	
samples	 of	 birds	 chosen	 at	 random	 within	 a	 poultry	 house.	 The	 manual	 measurement	 of	 the	68	

















monitoring	 tools	 (Guarino,	 Jans	 et	 al.	 2008)	 to	monitor	 animals’	 behaviours	 and	 their	 biological	86	
responses	in	an	accurate	way	(Tefera	2012;	Fontana,	Tullo	et	al.	2015).	The	application	of	sound	87	
analysis	techniques	has	been	widely	studied	(Montevecchi,	Gallup	et	al.	1973;	Marx,	Leppelt	et	al.	88	
2001;	 Feltenstein,	 Ford	 et	 al.	 2002)	 to	 measure	 and	 analyse	 the	 amplitude	 and	 frequency	 of	89	
animals	sounds	(Moura,	Nääs	et	al.	2008);	and	it	is	perceived	that	automated	animal		monitoring	90	
with	 images	 or	 sounds	 could	 potentially	 be	 used	 to	 support	 farmers	 in	 animal	 husbandry	91	
(Halachmi,	Metz	et	al.	2002;	Ismayilova,	Costa	et	al.	2013).			92	
Previous	 work	 has	 shown	 that	 the	 Peak	 Frequency	 (PF)	 of	 the	 sounds	 emitted	 by	 animals	 is	93	















vocalisations	 under	 farm	 condition	 to	 identify	 the	 relation	 between	 animal	 sounds	 and	 growth	107	
trends.	In	that	study,	a	regression	analysis	was	performed	to	predict	the	weight	of	the	birds	as	a	108	





The	 UK	 house	 dimensions	 were	 61	 x	 21	m	 and	 the	 total	 floor	 area	 available	 to	 the	 birds	 was	114	
1130m2.		115	
The	Dutch	house	dimensions	were	65	x	19	m	and	the	total	 floor	area	available	to	the	birds	was	116	




The	 animal	 growth	 trend	 is	 traditionally	 defined	 as	 a	 nonlinear	 function	 (Rizzi,	 Contiero	 et	 al.	121	
2013);	 for	 this	 reason,	 in	 the	 present	 study,	 a	 polynomial	 regression	 (PROC	 REG)	 (SAS	 Institute	122	
2012),	 was	 estimated	 based	 on	 the	 same	 dataset	 used	 to	 estimate	 the	 linear	 regression.	 The	123	




Both	 regressions	were	 compared	 in	 order	 to	 find	 the	 one	 that	 better	 fitted	 the	 data	 using	 AIC	126	




To	 test	 the	 reliability	of	 the	polynomial	 regression,	 further	 sound	 recordings	were	made	on	 the	131	
broiler	farm	located	in	The	Netherlands	during	five	production	cycles	(defined	as	Rounds	4	–	8).		132	






bit	 integer	precision	and	with	 sampling	 frequency	of	22.05	kHz	 (standard	WAV	 file	 format).	The	139	
sound	card	was	placed	in	an	embedded	board	(x64	architecture),	running	a	GNU/Linux	operating	140	
system.	 The	 system	 was	 monitored	 remotely	 through	 an	 internet	 wireless	 connection.	 The	141	
microphone	was	suspended	from	the	roof	of	the	broiler	house	at	a	height	adjustable	with	a	winch.	142	
For	 this	 experimental	 setup,	 the	microphone	was	mounted	 at	 1	m	 from	 the	 ground	 level.	 The	143	
recordings	were	continuous,	with	the	audio	data	grouped	into	recordings	of	five	minutes	duration.	144	
All	 raw	 recordings	 were	 stored	 online	 on	 external	 hard	 drives	 for	 subsequent	 post	 processing	145	
(Hemeryck,	Berckmans	et	al.	2015).	146	
The	 entire	 data	 collection	 consisted	 of	 42	 days	 of	 recordings	 (24/7),	 resulting	 in	 1008	 h	 of	147	
recordings	in	total.	In	total,	29,700	audio	files	were	used	for	the	automated	frequency	analysis.	148	
For	 the	analysis,	peak	 frequencies	 (PF)	were	determined	 for	each	5-minutes	duration	 raw	audio	149	
recording.	 For	 each	 recording,	 a	 power	 spectral	 density	 (PSD)	 was	 calculated	 using	 Welch's	150	
method,	which	is	an	averaging	approach	to	remove	the	influence	of	random	noise	on	the	spectra	151	
of	 stochastic	 signals.	 The	 PSD	 was	 calculated	 with	 a	 frequency	 resolution	 of	 256	 bins	 and	 an	152	
overlap	of	50%,	and	 the	Hanning	window	minimised	 spectral	 leakage.	 The	 spectral	 content	was	153	





















was	 used	 to	 estimate	 which	 prediction	 curve	 was	 the	 most	 accurate	 in	 predicting	 the	 weight.		173	

















The	 polynomial	 regression	model	 (Figure	 2)	was	 estimated	 based	 on	 the	 same	 dataset	 used	 to	189	





































Table	 1	 reports	 the	 PF	 values	 and	 the	 weights	 collected	 automatically	 during	 each	 round	207	
considered	in	the	validation	of	the	regression	line.	Datasets	from	the	production	rounds	6,	7	and	8	208	
are	not	completed	due	to	technical	problems	(loss	of	internet	connection)	which	occurred	during	209	
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collection.	Rounds	6,	 7	 and	8	were	not	 complete	due	 to	 internet	 connection	problems	on	 farm	227	
during	the	data	collection.	228	
	229	
Table	 2	 lists	 the	 observed	 and	 expected	 weights	 in	 weeks	 1-6	 calculated	 with	 the	 polynomial	230	
regression	 using	 the	 PF	 automatically	 extracted.	 The	 trend	 of	 expected	 and	 observed	 weights	231	
seems	to	be	 the	same,	but	 they	differ	 in	 the	 last	part	of	 the	rounds	 (week	5	and	6),	due	 to	 the	232	
increase	 of	 background	 noise	 covering	 birds	 vocalisation.	 This	 trend	 was	 confirmed	 by	 the	233	
correlation	 coefficient	 between	 expected	 and	 observed	weights	 that	 resulted	 high	 and	 positive	234	
(r=95%,	p-value	<0.001)	235	
	236	


































As	 reported	 in	Figure	5,	only	expected	weights	on	weeks	4	and	6	 resulted	 in	values	which	were	254	
significantly	different	from	the	observed	ones.	255	
	256	




Secondly;	 It	 was	 difficult	 to	 detect	 precisely	 the	 PF	 during	 the	 last	 two	 weeks	 of	 the	 cycle	261	





























The	 results	 of	 the	 present	 study	 confirmed	 how	 the	 PF	 of	 the	 sounds	 emitted	 by	 the	 broilers	273	
changes	 according	 to	 the	 age	 and	 the	weight	 of	 the	 birds.	 However,	 the	 automated	 frequency	274	
analysis	of	the	audio	files	will	need	to	be	improved	for	future	developments	of	this	process.	275	
The	 results	 of	 this	 study	 indicate	 that	 the	 PF	 of	 the	 sounds	 emitted	 by	 the	 animals	 is	 inversely	276	
proportional	 to	 the	 age	 and	 the	weight	 of	 the	 broilers.	 The	model	 implemented	 to	 predict	 the	277	
weight	 as	 a	 function	 of	 the	 PF	 by	 frequency	 analysis	 of	 the	 sounds	 emitted	 at	 farm	 level	 was	278	
proven	 to	 be	 reasonably	 accurate,	 although	 a	 more	 accurate	 editing	 of	 the	 audio	 file	 is	279	
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